INTRODUCTION
Free radicals and active oxygen in the form of hydroxyl radicals, superoxide, hydrogen peroxide and singlet oxygen, are continuously produced in cells of the human body. [1, 2] These are atoms or molecules with unpaired electrons produced during metabolic processes continuously and act as mediators for the transfer of electrons in various biochemical reactions, playing important roles in metabolism, such as energy production, phagocytosis, regulation of cell growth and intercellular signaling. [3] Oxidation is essential for living organisms in order to obtain the energy required for biological processes. [4] However, too much oxidation results in oxidative stress that has deleterious effects, such as damage in DNA, proteins and cell organelles such as mitochondria and membranes, causing changes in structure and cellular functions and thus are involved in several pathologies such as neoplasias, aging, inflammatory diseases, respiratory tract diseases, cardiovascular diseases, cognitive disorders, diseases and degenerative neurological. [5, 6] The continuous production of free radicals during the metabolic processes culminated in the development of antioxidant defense mechanisms. These aim to limit the intracellular levels of reactive species, such as those derived from the metabolism of oxygen and nitrogen, and control the occurrence of damage. [7, 8] In recent years, increasing attention has been devoted to the antioxidant role of natural compounds derived from plants. The use of natural antioxidants for the treatment and prophylaxis of pathologies induced by free radicals have certain advantages. Most of these agents produce few side effects because of its low toxicity. [9] Due to the wide variety of medicinal flora, estimated at over 40,000 species, many studies are being produced on the antioxidant activity exerted by natural compounds in biological systems. Plants produce a variety of antioxidants, which act against cell damage by removing reactive oxygen species (ROS) and reactive nitrogen species (RNS). The antioxidant activity of a compound by chelating metal ions like iron or sequestering free radicals, can lead to an inhibition of lipid peroxidation, as well as the oxidation of other molecules such as proteins and DNA. [10, 11] Studies report that monoterpenes and their synthetic derivatives have several pharmacological properties. [12] [13] [14] Among these compounds, (-)-isopulegol (2-isopropenyl-5-methylcyclohexanol) is a monoterpene alcohol, from the family of p-menthane (1-Isopropyl-4-methylcyclohexane), [15] that is found in the essential oil of various herbs. It has also been used in the production of cosmetics. [16] (-)-Isopulegone (2-isopropenyl-5-methylcyclohexanone; Figure 1 ) is a terpenoid ketone, a cyclic compound containing two alkyl groups with trans configuration, which consists of two isoprene units. It may be obtained from the oxidation of (-)-isopulegol. The product formed from the oxidation of alcohols generally is an aldehyde, ketone or carboxylic acid, depending on the oxidizing agent employed and the nature of the starting alcohol. This reaction is typically catalyzed by chromium based chemicals. [17] Through considerations and due to lack of experimental evidence and scientific research on the possible in vitro antioxidant properties of monoterpenes constituents of essential oils of medicinal plants, the present study aimed to study antioxidant effects of (-)-isopulegone in vitro.
MATERIALS AND METHODS

Materials
The monoterpenoid ketone (-)-isopulegone (2-isopro penyl-5-methylcyclohexanone) has a molecular formula C 10 H 16 O, and density 0903 ± 0.06 g/cm 3 . It is slightly soluble in water and soluble in alcohol. For this study the monoterpene (-)-isopulegone was obtained by oxidation of the alcohol (-)-isopulegol. [17] (-)-Isopulegol was purchased from the Aldrich Chemical Company ( Jacksonville, FL, USA).
Evaluation of the in vitro effects of (-)-isopulegone, against lipid peroxidation
The method used to evaluate the action of isopulegone against lipid peroxidation, a major damage caused by ROS/RNS, was accomplished through determination of reactive substances to thiobarbituric acid, known as the TBARS method. [18] This method was used to measure the antioxidant capacity of (-)-isopulegone in a medium rich in lipids. [19] The substrate rich in lipids used was a homogenate of egg yolk (1% w/v) in 50 mM phosphate buffer (pH 7.4). An aliquot of 0.5 ml of the substrate was sonicated, and then homogenized with 0.1 ml of (-)-isopulegone at different concentrations (0.9, 1.8, 3.6, 5.4, 7.2 µg/ml). Lipid peroxidation was induced by adding 0.1 ml of 2,2'-azobis-2-methylpropanimidamide dihydrochloride (AAPH, 0.12 M). In the control was tested only the vehicle (0.05% Tween 80 dissolved in 0.9% of saline solution). Reactions were performed for 30 minutes at 37°C.
After cooling, the samples (0.5 ml) were centrifuged with 0.5 ml of trichloroacetic acid (15%) at an acceleration of 1,200 g for 10 minutes. An aliquot of 0.5 ml of supernatant was mixed with 0.5 ml of thiobarbituric acid (0.67%) and heated at 95°C for 30 minutes. After cooling, the absorbance of samples was measured using a UV-Vis spectrophotometer at 532 nm. Results were expressed as percentage of TBARS formed from AAPH only (induced control). Trolox (6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid) was used as a standard drug.
Evaluation of in vitro effects of (-)-isopulegone, against the formation of hydroxyl radical (•OH)
Formation of hydroxyl radical (•OH) from the Fenton's reaction was quantified using the oxidative degradation of 2-deoxyribose. [20] The principle of the test is to quantify the degradation product propanedial, also known as malonaldehyde (MDA), by its condensation with thiobarbituric acid (TBA).
The reaction was initiated by the addition of Fe 2+ (FeSO 4 , 6 mM) to a solution containing 2-deoxyribose 5 mM, H 2 O 2 100 mM, and phosphate buffer 20 mM (pH 7.4).
To measure the isopulegone antioxidant activity against hydroxyl radical (•OH), different concentrations (0.9, 1.8, 3.6, 5.4, 7.2 µg/ml) of (-)-isopulegone were added to the system before addition of Fe
2+
. Reactions were performed for 15 minutes at room temperature, and was stationed by addition of H 3 PO 4 at 4% (v/v) followed by 1% TBA (w/v) in 50 mM NaOH.
The solutions were heated for 15 minutes at 95°C, and then cooled to room temperature. The absorbance was measured at 532 nm and the results were expressed as equivalent MDA formed by Fe 2+ and H 2 O 2 .
Evaluation of in vitro effects of (-)-isopulegone, against the formation of nitric oxide (•NO)
In this assay nitric oxide (NO) is produced from the spontaneous decomposition of sodium nitroprusside (SNP), Na 2 [Fe(CN) 5 NO]·2H 2 O in 20 mM phosphate buffer (pH 7.4). Once formed, NO interacts with oxygen to produce nitrite ions (NO 2 -), which were detected by Griess test. [21] The reaction mixture (1 ml) containing SNP 10 mM in standard phosphate and isopulegone at different concentrations (0.9, 1.8, 3.6, 5.4, 7.2 µg/ml) was incubated at 37°C for 1 h. An aliquot of 0.5 mL was taken and homogenized with 0.5 ml of Griess reagent. The absorbance of the chromophore was measured at 540 nm. The percentage of inhibition of NO production was determined by comparing the absorbance values of the negative control (NPS10 mM and vehicle only) and the preparations of the substance used in the test. Results were expressed as percentage of nitrite formed by the reaction medium.
Statistical analyses
The results were expressed as mean ± standard error of mean (SEM) and statistical significance was determined using analysis of variance (ANOVA) followed by t-StudentNeuman-Keuls post hoc test with. Values were considered statistically significant at a p < 0.05. The percent inhibition determined from the following formula: % inhibition = 100 × (control -experimental)/control. [22] 
RESULTS AND DISCUSSION
This study may associated the potential antioxidant of (-)-isopulegone with the their structural properties. The presence of allylic hydrogens can be associated with the antioxidant capacity of the substance. The (-)-isopulegone, by the methods used in vitro, demonstrated a good ability for reducing free radicals. This property can be assigned to one unpaired electron from the hydrogen functional group, which probably transforms the free radicals in less reactive species. The presence of allylic hydrogens can be associated with the antioxidant capacity of the substance. The (-)-isopulegone, by the methods used in vitro, demonstrated a good ability for reducing free radicals. This property can be assigned to one unpaired electron from the hydrogen alpha to the ketone functional group, which probably transforms the free radicals in less reactive species by reducing them.
The antioxidant activity was analyzed by the so, called TBARS method, which is used to quantify lipid peroxidation that corresponds to a cell membrane damage caused by oxidative stress. The AAPH, a water-soluble azo compound, is used as free radical generator. Its decomposition produces molecular nitrogen and carbonyl radicals which, in turn, react with thiobarbituric acid, resulting in the formation of TBARS. [23] [24] [25] [26] The (-)-isopulegone at all tested concentrations was capable of preventing lipid peroxidation, reducing the amount of TBARS formed. Similar results were obtained with trolox, a synthetic analogue of α-tocopherol, antioxidant used as a standard, also inhibited the production of TBARS.
The concentrations used (0.9, 1.8, 3.6, 5.4, 7.2 µg/ml) of (-)-isopulegone, caused a 59.35%, 62.81%, 63.97%; 65.04%, and 65.96% reduction in the production of TBARS, respectively. The control used, Trolox, produced a decrease of 48.12% in TBARS production ( Figure 2 ).
The substrate used, rich in lipids, was subjected to lipid peroxidation induced by AAPH. All concentrations of (-)-isopulegone reduced TBARS production. The results suggest that this monoterpenoid may exert an antioxidant protective effect for lipid biomolecules in vitro. The 50% inhibitory concentration (IC 50 ) of the compound studied against TBARS production was determined as approximately 0.52 µg/ml ranging from 0.278 to 0.972 µg/ml with a confidence interval of 95%.
Comparing our results with other studies in the area, we have found that extracts from the leaves of Baccharis D racunculifolia DC features antioxidant properties similar to those of (-)-isopulegone. The antioxidant activity of these extracts appears to be related to the presence of phenolic compounds such as flavonoids, found in most species studied. [27] In this study, it was used the azo radical DPPH (2,2-diphenyl-1-picrylhydrazyl) as a source of free radicals. The inhibitory concentration of the extract, its ability of scavenging free radicals, was approximately 5.5 µg/ml. [28] Based on the results obtained in the studies, we proposed a possible mechanism of reaction for the antioxidant action of (-)-isopulegone against the formation of lipid radical, as shown in Figure 3 .
Another methodology used to evaluate the antioxidant activity of a substance is based on the ability to remove free radicals formed in less reactive species. [29] The ability of a substance to scavenge the hydroxyl radical may be directly related to its antioxidant activity. The hydroxyl radical is a highly reactive species that can damage DNA, proteins and lipids. [26, 30, 31] The hydroxyl radical is harmful to the body, since it has a very short half-life, being highly reactive attacking different types of molecules by hydrogen abstraction and addition. In DNA it can attack the nitrogenous bases or deoxyribose, abstracting a hydrogen atom, causing breakage of the DNA chain and generating carcinogenic or mutagenic effects. [32] In this method the hydroxyl radical is generated by the Fenton's reaction. In the presence of the hydroxyl radical, the 2-deoxyribose is degraded to malonaldehyde, and then quantified. [26, 30] This study demonstrated that (-)-isopulegone produced the removal of hydroxyl radical, showing a significant antioxidant activity that may be able to inhibit the cellular damage caused by this radical. The trolox (standard) also significantly reduced the amount of this radical.
The concentrations of 0.9, 1.8, 3.6, 5.4 and 7.2 µg/ml of (-)-isopulegone produced a removal of the hydroxyl radical of 45.28, 48.62, 53.67, 60.19 and 63.87% in ascending order of concentrations respectively. The control used, Trolox, produced a removal of the formation of hydroxyl radical from 78.06%, as seen in Figure 4 .
The IC 50 of (-)-isopulegone against the production of hydroxyl radical was determined to be approximately 0.296 µg/ml ranged from 0.147 to 0.596 µg/ml with a confidence interval of 95%. Regarding the antioxidant activity in extracts of the leaves of Taraxacum officinale F.H. Wigg showed significant activity with IC 50 of 4.0 µg/ml, in this way, the lower the IC 50 value, the higher the antioxidant activity of the extract. The prospect of chemical extracts identified the presence of compounds such as flavonoids, terpenes and others who may be responsible for the observed activities. [28] Based on the removal capacity of the hydroxyl radical it was proposed a possible reaction mechanism as shown in Figure 5 .
Another methodology used was the method of sequestration to reduce the formation of NO. This method is based on NO production from the decomposition of sodium nitroprusside in aqueous solution. NO, in turn, interacts with oxygen to produce nitrite ions, which can be measured by Griess reaction. [21] These nitrite ions have a strong oxidizing power, reacting with various biological molecules, which leads to cell damage. [19] Substances with sequestrating action for NO compete with oxygen, leading to reduced production of nitrite, featuring the antioxidant activity. [26, 33] In this study, (-)-isopulegone significantly decreased the production of nitrite, demonstrating again their antioxidant properties against damage caused by free radicals. [19] NO is a signaling molecule involved in many physiological and pathological processes. [34] Studies show that NO may interact with other reactive species derived from oxygen and induce the formation of peroxynitrite which have potent cytotoxic and proinflammatory effect. [35] Thus, the effect of isopulegone inhibiting the production of nitrite may suggest an anti-inflammatory and cytoprotective effect related to its antioxidant action that needs to be further investigated.
Therefore, the results obtained in this study show that at the concentrations used (-)-isopulegone 0.9, 1.8, 3.6, 5.4 and 7.2 µg/ml (-)-isopulegone produced the removal of radical nitrite of 24, 76, 27.81, 34.35, 40.98 and 49.18% respectively. Looking at Figure 6 , the control used, Trolox, produced a removal for the formation of nitrite radical 59.76%.
In turn, the 50% inhibitory concentration (IC 50 ) of monoterpene against the production of nitrite was determined as approximately 0.096 µg/ml ranging from 0.045 to 0.202 µg/ml with a confidence interval of 95%. Studies have reported the antioxidant capacity of Laurus nobilis L. with IC 50 = 0.76 µg/ml which has in its constitution the strong antioxidant eugenol, a phenolic compound (4-allyl-2-methoxyphenol), whose efficiency has been proven both in vitro and in vivo. The antioxidant of this kind can be explained by the presence of substances capable of inhibiting free radicals. [36] The following mechanism has been proposed to demonstrate the antioxidant activity against nitrite and other reactive species generated by decomposition of NO, as shown in Figure 7 . The in vitro tests demonstrate that isopulegone was able to reduce the production of free radicals at all concentrations tested. Its antioxidant activity may be attributed to its structural characteristics, for it is a monoterpenoid with allylic hydrogen. Probably, when it reacts with a free radical, it acts as a donor of an unpaired electron from its hydrogen atom (H•), converting thus free radicals into less reactive species.
CONCLUSION
The results obtained in this study demonstrate that (-)-isopulegone exerts a protective antioxidant effect of lipid biomolecules in vitro, considering the methods used. More studies are needed to elucidate the possible mechanisms of action that mediate the antioxidant potential of isopulegone.
